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ABSTRACT

It is known that polyphenolic extracts have antibacterial activity, but usually with not very broad
spectrum of action. To enhance its individual antibacterial effect, to combine different extracts has
been proposed. In this work, the combined antibacterial effect of 3 extracts and their mixtures (Ulmo
and Quillay honeys, multifloral pollen) was evaluated. Their polyphenol content was quantified by
HPLC-DAD analysis. E. coli, S. aureus, Salmonella spp, Pseudomonas spp, L. acidophilus, and
B. thermosphacta were used as foodborne pathogenic-spoilage strains in the antibacterial assays.
Polyphenol-target bacteria relationships were established. Results showed that all extracts and their
combinations have activity against all strains. Relationships were established between all pathogenic
strains with 4 phenolic acids and 2 flavonoids, and 2 spoilage strains with 3 phenolic acids and 3
flavonoids. These findings will contribute to the rapid assessment of mixtures of outstandingly anti-
bacterial extracts to be applied in the food industry.

Bioactividad de mezclas de extractos fenélicos obtenidos de mieles y polen de
abeja chilenos

RESUMEN

Se sabe que los extractos polifendlicos tienen actividad antibacteriana con un espectro de accién
generalmente no muy amplio. Para potenciar su efecto antibacteriano individual, se ha propuesto la
combinacion de extractos. En este trabajo se evaluaron los efectos antibacterianos combinados en 3
extractos y sus mezclas (miel de ulmo y quillay, y polen multifloral). El contenido de polifenoles se
cuantifico mediante analisis por HPLC-DAD. E. coli, S. aureus, Salmonella spp y Pseudomonas spp,
L. acidophilus, B. thermosphacta se usaron como cepas patédgenas de deterioro transmitidas por los
alimentos en los ensayos antibacterianos. También se establecieron relaciones polifenol-bacteria. Los
resultados mostraron que todos los extractos y sus combinaciones tienen actividad contra todas las
cepas. Se establecieron relaciones entre todas las cepas patdgenas con 4 acidos fendlicos y 2 flavo-
noides, y entre 2 cepas de deterioro con 3 dcidos fendlicos y 3 flavonoides. Estos hallazgos contribuyen
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a la evaluacion rapida de mezclas de extractos antibacterianos para usar en la industria alimentaria.

1. Introduction

Polyphenolic compounds present in an extract has different
antibacterial effects. Several authors report that they inter-
fere with metabolic enzymes, denaturate and complexate
proteins, and inactivate microbial adhesins, causing leakage
of cytoplasmic content of bacteria. These changes are
explained by the great presence of hydroxyl groups that
may form non-specific forces such as hydrogen bonding
and hydrophobic forces, as well as by covalent bond forma-
tion (Chen, Zhao, Meng, & Yu, 2017; Kumar & Pandey, 2013;
Salawu, Ogundare, Ola-Salawu, & Akindahunsi, 2011).

The use of combined polyphenolic compounds offers simul-
taneous inhibition of microbial growth and an increase in the
spectrum of activity (Davidson & Taylor, 2007). Blends of poly-
phenolic extracts have shown synergistic, additive, and antag-
onistic antibacterial interactions. Synergism occurs when the
total antibacterial effect is greater than the proportional addition
of the antibacterial activities of the individual agents, while

antagonism occurs when there is a lower effect than propor-
tional additivity. Additivity indicates zero interaction between
responsible agents.

Generally accepted mechanisms of antibacterial synergism
include sequential inhibition of a common biochemical path-
way, inhibition of protective enzymes, combination of active
cell wall agents, and use of active cell wall agents to enhance
uptake of other antimicrobials (Wagner, 2009). The suggested
mechanisms of antagonistic antimicrobial effects are the com-
petition of polyphenolic compounds. These compounds have
the same target microorganism and chemical interactions
(direct or indirect) that reduce the solubility and therefore the
availability of other compounds present in the same medium
(Cox, Mann, & Markham, 2001). Alternatively, direct interaction
between two, three or more compounds may result in struc-
tural conformation changes, thus reducing antibacterial activ-
ity, in addition to inducing competition for target sites or
inhibition of uptake by bacterial cells (Mandalari et al., 2007).
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Granato et al. (2016), Baljeet, Simmy, Ritika, and Roshanlal
(2015) and Ncube, Finnie, and Van Staden (2012) analyzed
the effects of ethanolic and aqueous extract blends against
several microorganisms. Different effects were found depend-
ing on the lipophilic properties and water solubility, combina-
tions of extracts, bacteria strain/serotype, proportions of
extracts, and type of extractant(s).

Polyphenolic rich extracts from Ulmo and Quillay honeys
have shown wide antibacterial spectrum against Pseudomonas
aeruginosa, Escherichia coli, Staphylococcus aureus, Streptococcus
pyogenes, Streptococcus pneumoniae, and Vibrio cholerae. These
properties have been related to the presence of polyphenolics
such as coumaric acid, ferulic acid, salicylic acid, caffeic acid,
syringic acid, vanillin acid, naringenin, rutin, and kaempferol
(Montenegro et al., 2009; Montenegro, Santander, Jara, Nufiez,
& Fredes, 2013). Bee pollen had shown antibacterial activity
against E. coli P. aeruginosa and S. aureus (Cabrera &
Montenegro, 2013) related with its phenolic and flavonoid con-
tent that vary with its botanical origin (Veldsquez et al., 2017).

Because there are no standardized methods to evaluate
the activity of antimicrobial combinations, there is no clear
definition of the boundaries between synergy/indifference/
antagonism and many times the results are not comparable
among the methods, or even the results of these are totally
contradictory (Bassolé & Juliani, 2012; Doern, 2014; March &
Bratos, 2015). The combined antimicrobial effects are
usually evaluated by the checkboard and time-kill tests,
but these techniques have the disadvantage that only can
evaluate two compounds at the same time without con-
suming a lot of time and material (Doern, 2014; March &
Bratos, 2015). On the same sense, the evaluation of the
susceptibility of bacterial strains by disk diffusion methods
is a cheap, fast and reasonably reliable alternative, and it is
recognized by the Institute of Clinical and Laboratory
Standards for screening of new antimicrobials (CLSI)
(Balouiri, Sadiki, & Ibnsouda, 2016).

In this study, we investigated the bioactivities of polyphenolic
extracts (Quillay and Ulmo honeys, and bee pollen) and their
blends, using the mixture design methodology as an exploring
test method of potentially synergistic extracts and compounds
for food industry. First, we quantified polyphenolics present in
individual extracts and their blends; then, we determined their
bioactivity (antibacterial activity). Finally, we analysed possible
relationships between the extracts and blend compositions with
their bioactivities using a chemometric screening.

2. Materials and methods
2.1. Materials

Samples of Ulmo and Quillay honeys, and bee pollen, were
purchased from beekeepers from Central and South area of
Chile. Samples were stored at —20°C until the study (Mimet,
VV-21BTF). All standard for High-resolution liquid chromato-
graphy with diode-array detector (HPLC-DAD) analysis were
purchased from Sigma Aldrich Co. LLC. Amberlite XAD-2 was
purchased from Supelco Bellefonte, USA.

2.2. Extracts

Samples were diluted in acidic water (pH 2 with HCI). The
dissolution was put into an open chromatographic column
(250 mm x 20 mm) filled with amberlite XAD-2 and
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washed with 250 mL of acidic water first and then with
250 mL of distilled water. These two collected residues
were discarded. Finally, 200 mL of ethanol passed through
the column was collected and concentrated with
a vacuum rotary evaporator until dryness (Buchi, Flawil,
Switzerland), filtrated (EDLAB CA 0,45 um) and stored at
—20°C until use (Montenegro, 2011). Controls were carried
out to ensure the innocuity of the extracts before doing
the tests.

2.3. Identification and quantification of flavonoids and
phenolic acids

The HPLC-DAD analysis was performed in a Merck-
LaChrom HPLC Hitachi Elite equipment with a reverse
phase column (LiChroCART RP-18, 5 uym x 4.6 mm X -
150 mm) using two mobile phases: aqueous formic acid
solution 5% v/v (A) and methanol (B) with a concentration
gradient of 30-35% A (0-12 min) and 35% A (12-105 min)
with a flow rate of 1T ml min-1 at 30°C). The chromato-
grams were monitored at 290 and 340 nm their UV spec-
tra were recorded. The identification of phenolic
components was evaluated by comparing their retention
times and a spectrum obtained with available standards of
phenolic acids and flavonoids.

2.4. Antimicrobial susceptibility testing by zone
inhibition diameter

Bacteria strains Escherichia coli ATCC-25922, Staphylococcus
aureus ATCC-25923, Pseudomonas spp. ATCC-15692,
Lactobacillus acidophilus ATCC-11509, Brochothrix thermo-
sphacta ATCC- 314 and Salmonella spp. ATCC-700623 were
used. The strains were propagated on Mueller Hinton agar
24 h in advance. Then, certain colonies were selected and
diluted in saline solution to ensure a concentration of 10®
CFU/mL (0.5 McFarland standard; Becton-Dickinson &
Company, USA). With a swab, strains were plated on petri
dishes with Mueller Hinton agar, and 6 mm diameter holes
were made in it and filled with 100 pL of extracts. The Petri
plates were incubated for 24 hours at 35°C. Then, the inhibi-
tion diameter that appeared around each hole was mea-
sured. Water was used as a negative control (NCCLS, 2002).
For blends, the expected zone inhibition diameter was cal-
culated from proportional mass balances.

2.5. Experimental design

An experimental three-component mixture design was per-
formed using the software Statgraphics Centurion XVI
(StatPoint-Technologies S.A, USA). The design included 13
runs that evaluate the individual and combined bioactivity
(e.g. antibacterial) effects of 3 polyphenolic extracts (i.e. bee
pollen, P; Quillay honey, Q; Ulmo honey, U) against six bacteria:
E. coli ATCC-25922 (Gram -), S. aureus ATCC-25923 (Gram +),
Salmonella spp. ATCC-700623 (Gram -), Pseudomonas spp.
ATCC-15692 (Gram -), L. acidophilus ATCC-11509 (Gram +),
and B. thermosphacta ATCC- 314 (Gram +).

The complete cubic model was applied for three (Table 1)
components:
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Table 1. Three components mixture design showing mass proportions of
binary and ternary blends in terms of individual extracts P, Q and U.

Tabla 1. Diseiio de mezcla de tres componentes que muestra las proporciones
en masa de las mezclas binarias y ternarias en términos de los extractos
individuales P, Q y U.

Proportion of the extracts

Samples P Q u
Extracts P 1 0 0
Q 0 1 0
U 0 0 1
Binary blends of extracts PU2 1/3 0 2/3
P2U 2/3 0 1/3
P2Q 2/3 1/3 0
PQ2 1/3 2/3 0
Q2u 0 2/3 1/3
Qu2 0 1/3 2/3
Ternary blends of extracts PQ4U 1/6 2/3 1/6
PQU4 1/6 1/6 2/3
P4Qu 2/3 1/6 1/6
PQU 1/3 1/3 1/3

Y =B4P+B,Q + B3U + B1,PQ + B13PU + B3QU
+ B4,3PQU + 613PU(P — U) + 612PQ(P — Q)
+623QU(Q - V) (1

where P, Q and U represent the extracts Y is the measured
response (i.e. total phenolic content, total flavonoid content
or antibacterial activity against each strain, Bi's are the esti-
mated coefficients for each linear term, and §ij's are the
cross product of the model. The sign and the magnitude
value of the B coefficients indicate the type of effect (i.e.,
additive, synergistic or antagonistic). An additive effect is
observed when the combined effect is equal to the sum of
the individual effects. Antagonism is observed when the
effect of one or both compounds is lower when applied
together than when they are applied individually (negative
values). Synergism is observed when the effect of the com-
bined substances is greater than the sum of the individual
effects (positive values), while the absence of interaction is
defined as indifference or additive effect.

2.6. Statistical analysis and chemometrics techniques

All measurements were conducted in three independent
experiments, and data were expressed as mean + standard
deviation. Significance was determined by analysis of var-
iance, and means were evaluated through Tukey's (LCD)
procedure at p < .05. Principal component analysis (PCA)
and hierarchical cluster analysis (HCA) (The Unscrambler 9.7
CAMO AS, Norway) were applied to visualize possible rela-
tionships among polyphenolics and antibacterial activity. For
PCA, a matrix m x n was defined, where m corresponds to
individual, binary or ternary extracts, and n, polyphenolic
concentrations and antibacterial activity against each bacter-
ium. HCA was calculated as Euclidean distances and Ward's
method was used to group extracts and blends, and poly-
phenolic compounds.

3. Results

The concentrations of polyphenolics identified in the
extracts and their blends are shown in Table 2. In general,
mixtures showed numerical deviations from the expected
weighted averages.

Table 2. Concentration obtained of flavonoids and phenolic acids present in the extracts and their mixtures identified by HPLC-DAD (mg/L).

Tabla 2. Concentracion obtenida de flavonoides y acidos fendlicos presentes en los extractos y sus mezclas, identificadas por HPLC-DAD (mg/L).

Cinnamic acid Quercetin Miricetin Kaempherol
32.72+1.64d

Luteolin
28.37+1.42e

Sinapic acid Feluric acid Syringic acid p-coumaric acid Rutin
7.75+0.39¢ 86.60+4.30g

Chlorogenic + caffeic acids

Sample
P

ND
53.48+2.67f
37.00+1.85e

17.00+0.85b (24.67)
10.21+0.51a (12.33)

6.76+0.34c

5.77+0.29¢

52.17+2.60e

7.92+0.40g

ND
23.86+1.19d
17.58+0.88cd

7.60+0.38a (11.72)

ND
19.67+0.98e

Individual extracts

ND
ND
ND (2.25)
4.53+0.23b (4.51)

ND
ND
5.88+0.29a (10.91)

ND
ND
3.00+0.15a (1.92)

33.20+1.66f

ND

ND
23.85+1.19bc (28.87)
52.51+2.63e (57.73)
73.49+3.67f (57.73)

ND
ND
14.08+0.70b (17.39)

ND
4.73+0.24a
5.17+0.26abc (5.79)
6.41+0.32bcde (6.86)

16.29+0.81f
4.21+0.21ab
3.46+0.17a (5.39)

8.16+0.41a
11.55+0.58b (14.90)

18.48+0.92¢ (21.63)

31.43+1.57ef

ND

11.30+0.57b (21.81)

4.50+0.23b (3.85)

30.10+1.51d (34.78)
34.00+1.70d (34.78)
20.28+1.01c (17.39)

4.92+0.25ab (6.57)

7.12+0.36¢ (
12.25+0.61e
10.29+0.51d

4.97+0.25ab (5.86)

ND (0.00
ND (0.00
9.51+0.47bc
13.01+0.65d (
10.57+0.53c (

PU2

P2U

Binary blends

17.46+0.87b (17.83)

14.34+0.72c (21.81)  6.59+0.33c (4.51)

6¢ (3.85)

5.23+0.2

29.98
31.59,

24.85

6.38+0.32def (5.28)

0.60)

28.78+1.44cd (35.65)

7a (2.25)

3.42+0.

)

0.9

ND (

24.04+1.20d

30.32+1.52c (28.87)

7.29+0.36fg (2.64)
5.57+0.28abcd (1.58)

13.44)

12.26)

34.85+1.74e (47.99)
32.89+1.64de (42.49)
35.93+1.80e (41.82)
24.34+1.22c (33.58)

8.76+0.44% (15.08)

11.01+0.55b (21.81)
10.20+0.51b (10.91)

8¢ (3.85)

4.13+0.21b (1.92)

5.54+0.2

16.51
8.22

18.43+0.92c (25.81)

16.94+0.85¢
15.56+0.78¢

4.43
4.43)
57.73)

11.94+0.60a (

20.71+1.04b (
46.34+2.32de

D (0.00)
7.28+0.36a (8.70)
10.01+0.50a (8.70)

33.04+1.65d (34.78)

ND (0.00)
19.30+0.97c (17.39)

4.81+0.24ab (3.15)
6.74+0.34ef (2.11)
4.84+0.24ab (4.47)
6.04+0.30cde (6.07)

12.85)
6.81)
8.58)
9.42)

5.85+0.29a (7.95)
15.95+0.80bc (15.91)

6.56,

P2Q
PQ2
QU

7.54+0.38¢
12.25+0.61e
5.33+0.27b
5.52+0.28b

17.62+0.88cd (21.77)
16.64+0.83c (19.67)
18.42+0.92cd (18.84)
12.50+0.63abc (15.70)
5.54+0.28a (6.91)
11.96:+0.60abc (13.81)

6.45+0.32a (6.
13.14+0.66d (

ND (3.28)
5.10+0.26a (3.28)
8.82:+0.44b (6.56)

Qu2
PQ4U
PQU4
P4QU
PQU

Ternary blends

33.86+1.70e (30.16)

(2.25)

4.40+0.22b

29.78+1.49% (23.24)

42.10+2.11d (28.87)

6.42+0.32def (4.22)

8.09+0.40c

*ND: not detected; between (): weighted average contents

*ND: no detectado, (): contenido promedio en peso



Antibacterial activities of extracts and blends may be seen
at Figure 1, where extracts showed antibacterial activity
against all evaluated bacteria, with higher potency on
Gram positive than on Gram negative bacteria. The highest
activity against E. coli was exerted by extract Q (Figure 1(a)).
The highest activity against S. aureus was observed with
extracts U, P, and binary mixtures P2U, PQ2 and QU2
(Figure 1(b)). The optimal antibacterial was composed by
Q = 0.10 and U = 0.90 (Figure 3(b), Table S1). The extract
U, and mixtures PU2, P2U, PQ2, QU2 and PQU, showed the
greatest activity against Salmonella spp (Figure 1(c)).
Synergism was observed in four blends, additivity on three
and antagonism on three. The optimum response was when
U = 0.49, P = .51 (Figure 3(c), Table S1). The highest activity
against Pseudomonas spp was obtained with Q and PQ4U
(Figure 2(a)). Eight of the mixtures showed synergy and two
an additive effect. The optimum activity was at Q = 0.91,
U = 0.09. The highest activity against L. acidophilus was
obtained with P, PU2, P2U, and P4QU (Figure 2(c)). Synergy
was observed in two mixtures, and an additive effect in eight
combinations. The best activity was reached when P = 1.00.
The combination of P-U and P-Q have synergistic and addi-
tive effects, respectively (Figure 4(b), Table S1). The highest
activity against B. thermosphacta was shown by extract
P (Figure 2(c)). Five combinations showed a synergistic
effect, Q2U showed an additive effect, and all other combi-
nations showed an antagonistic effect. In the combinations

*
&

- * * %
a n mn
¢ od <d cd
P aQ U PUZ PU PQ2 P22 QU QU2 PQIU
Samples

meter of inhibition (mm)

Dial

PQU4 PQU PQU

Figure 1. Antibacterial activity of samples against (a) E. coli, (b) S. aureus, and
(c) Salmonella spp. Bars indicate obtained values, lines indicate weighted
average values corresponding to additive effects.

Figura 1. Actividad antibacteriana de las muestras contra (a) E. coli, (b)
S. aureus, (c) Salmonella spp. Las barras indican los valores obtenidos, las
lineas indican los valores promedio ponderados correspondientes a los efec-
tos aditivos.
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of U-P, U-Q, and P-Q, a decrease gradient of activity is
observed as the proportion of pure extract with less anti-
bacterial power increases (Figure 4(c), Table S1). The highest
activity against B. thermosphacta was shown by extract
P (Figure 2(c)). Five combinations showed a synergistic
effect, Q2U showed an additive effect, and all other combi-
nations showed an antagonistic effect. In the combinations
of U-P, U-Q, and P-Q, a decrease gradient of activity is
observed as the proportion of pure extract with less anti-
bacterial power increases (Figure 4(c), Table S1).

PCA allowed the evaluation of multiparametric correla-
tions between the polyphenolic composition of the extracts
and their mixtures, and the antibacterial activity observed
(Figure 5).

4. Discussion

Polyphenolic compositions of extract and their mixtures are
very susceptible to changes during extraction process and/
or storage. The negative deviations reported in Table 2 may
be due to the degradation of the compounds due to the
effect of light, temperature or enzymes derived from the
mainly oxidative extraction process. Besides the production
of free radicals (Biesaga, 2011), which also increases with
moisture (Lavelli & Scarafoni, 2012) occurs by epimerization
(generating a C; epimeric form) and by autoxidation-forming
dimers, which is favored by the presence of oxygen and
a large number of hydroxyl groups as in the case of myrice-
tin (Wang & Ho, 2009). Flavonoids are sensitive to oxidation
due to their hydroxyl and ketone groups, and their unsatu-
rated double bonds (Rame3ova et al, 2012). One way to
protect these compounds would be conducting the extrac-
tion in a sweetened medium in the presence of methoxy-
lated groups (Biesaga, 2011). On the other hand, positive
deviations could occur due to the presence of interfering
compounds derived from the processing process, such as
sugar and carotenoids (Pekal & Pyrzynska, 2014). Some poly-
phenols appeared in the blends despite not being present in
the pure extracts. This may be due to the fact that some
polyphenols were degraded and the released molecules
were associated by the diode detector as other compounds
due to their structure similarity. For example, caffeic acid and
p-coumaric acid are derivatives of cinnamic acid, so they
could present this problem.

Higher potency on Gram positive than on Gram negative
bacteria of extracts are in agreement with Mohdaly,
Mahmoud, Roby, Smetanska, and Ramadan (2015) and
Khider, Elbanna, Mahmoud, and Owayss (2013) (Figure 1).
The Gram negative bacteria would be more resistant due to
the flexibility and greater chemical complexity of their cell
walls, the presence of excretory pumps of amphipathic tox-
ins, and greater hydrophobicity.

4.1. Combined antibacterial activity and composition
of extracts and blends

The combined antibacterial effects against E. coli varied
widely. By means of the response surface plot for the mix-
tures of Q and P, a decreased gradient of activity from Q to
P is observed as the proportion of P increases (Figure 3(a),
Table S1). In the combinations of Q & U, depending on the
proportion, an antagonistic effect is observed (red zone),
which is surprising considering that U showed high
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Figure 2. Antibacterial activity of samples against (a) Pseudomonas spp., (b) L. acidophilus, and (c) B. thermosphacta. Bars indicate obtained values, lines indicate

weighted average values corresponding to additive effects.

Figura 2. Actividad antibacteriana de las muestras contra (a) Pseudomonas spp., (b) L. acidophilus, (c) B. thermosphacta. Las barras indican los valores obtenidos,
las lineas indican los valores promedio ponderados correspondientes a los efectos aditivos.

antibacterial activity. In the combinations of P and U,
a higher proportion of U shows an antagonistic effect
decreasing the antibacterial activity; this effect was not
expected, since U presented greater antibacterial activity
than P. The combination of the three extracts shows addi-
tive/antagonistic effects, which varies depending on the
proportions in which they are mixed. Statistically significant
positive correlations were found between Kae, SinA, C + CA,
FerA, Lut, and antibacterial activity against E. coli (Table S2).
This is consistent with the fact that the phenolic combina-
tion with the best antibacterial activity against E. coli was
composed by these compounds with rates 1.2: 1.5: 1: 2: 3
(i.e., extract Q). PCA and cluster analysis are consistent with
these relations (Figure S3, Table S3). Rodriguez-Vaquero,

Aredes Fernandez, Manca de Nadra, and Strasser de Saad
(2010), however, found that the Que-Rut mixture produces
a synergistic effect with cell death in E. coli. In our case, for
the mixtures of extracts where both compounds were found
to be available (i.e, PU2, P2U, PQ2, P4QU and PQU), no
synergistic antibacterial activity was observed; in fact, quite
the opposite was observed. It is possible that the accompa-
nying compounds counteract the potential exerted by the
combination of both compounds.

Antibacterial effects of mixture against S. aureus showed
three zones of synergy. In the combinations of Q-P, as well as
U-Q, a decreased gradient of activity is observed as the
proportion of Q increases (Figure 3(b), Table S1). In the com-
bination P-U, it is noteworthy that the combination of both
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Figure 3. Response surface plots of antibacterial activity (mm of inhibition) against (a) E. coli, (b) S. aureus, and (c) Salmonella spp.

Figura 3. Gréficos de superficie de respuesta de actividad antibacteriana (mm de inhibicién) contra (a) E. coli, (b) S. aureus, (c) Salmonella spp.

extracts is not potentiated, presenting an additive effect,
which can become antagonistic when the proportion of U is
greater (P2U v/s PU2). The combination of the three extracts
shows a slight antagonism. Statistically significant correlations
were observed between antibacterial activity and Myr, Rut
and FerA, but these low correlations indicate that other com-
pounds present in the extracts are acting (Table S1). The
phenolic combinations with the highest antibacterial activity
were: SinA, FerA, SyrA, Lut and Kae in the ratios of 4: 1: 1: 2: 9
(extract U); and: SinA, FerA, SyrA, CouA, CinA, Lut, Rut, Que,
Myr and Kae in the proportions of 1: 1: 1: 6.5: 11.5: 4: 1: 2: 1: 2

(P2U). The antagonistic activity against S. aureus of the Que-
Rut mixture (Amin, Khurram, Khattak, & Khan, 2015) and the
synergistic activity of Myr-Que (Tomdas-Menor et al., 2015) in
systems integrated only by these compounds have been
reported. Su, Ma, Wen, Wang, and Zhang (2014), on the
other hand, reported mostly additive and sometimes syner-
gistic effects among luteolin-quercetin combinations, depend-
ing on the S. aureus species. PCA indicates that the
antibacterial activity correlates with C+ CA, FerA, SinA, Lut
and Kae, meanwhile cluster analysis relates the effect with all
compounds except Rut (Figure 5, FigureS1, Table S3).
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Figure 4. Response surface plots of antibacterial activity (mm of inhibition) against (a) Pseudomonas spp, (b) L. acidophilus, and (c) B. thermosphacta.

Figura 4. Graficos de superficie de respuesta de actividad antibacteriana (mm de inhibicién) contra (a) Pseudomonas spp, (b) L. acidophilus, (c) B. thermosphacta.

Salmonella spp was controlled depending the combina-
tion of extracts and its proportions. In the combinations of
U-P, as well as U-Q, a decrease in activity is observed from
the proportion of P and Q, respectively. In the combina-
tion P-Q, it is striking that there is a zone of proportions
that decreases in antibacterial activity, indicating an addi-
tive effect without being antagonistic. The combination of
the three extracts shows both an additive and an antag-
onistic effect depending on the proportions in which they
are combined. For activity against Salmonella spp, only
CinA showed a statistically significant correlation. The

low correlation between the concentration of the identi-
fied compounds and the observed antibacterial activity
indicates that other compounds not identified but present
in the extracts are those that would be acting. The phe-
nolic combinations with the highest antibacterial activity
against Salmonella spp were: SinA, FerA, SyrA, CouA, CinA,
Lut, Rut, Que and Kae in 2.5: 1: 1.5: 4.5: 8: 4: 1: 2: 5.5 (PU2);
and, chlorogenic/caffeic acid, SinA, FerA, SyrA, Lut and Kae
in rates 1.3: 3.5: 1.5: 1: 3: 7 (QU2). Arima, Ashida, and
Danno (2002) observed that Rut would not have direct
inhibitory action, but would improve the antibacterial
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Figure 5. The 3D principal components plot of polyphenolics and antibacter-
ial effects. C+ CA: chlorogenic/caffeic acids, SinA: sinapic acid, FerA: ferulic
acid, SyrA: syringic acid, CouA: p-coumaric acid, CinA: cinnamic acid, Lut:
luteolin, Rut: rutin, Que: quercetin, Myr: myricetin, Kae: kaempferol, ECO:
E. coli, SAU: S. aureus, SAL: Salmonella spp, PSE: Pseudomonas spp, LAC:
L. acidophilus, BRO: B. thermosphacta.

Figura 5. Diagrama de componentes principales en 3D de polifenoles
y efectos antibacterianos. C + CA: &4cidos clorogénico/cafeico, SinA: acido
sindpico, FerA: dcido ferulico, SyrA: &cido siringico, CouA: 4cido p-cumarico,
CinA: 4cido cinamico, Lut: luteolina, Rut: rutina, Que: quercetina, Myr: mirice-
tina, Kae: kaempferol, ECO: E. coli, SAU: S. aureus, SAL: Salmonella spp, PSE:
Pseudomonas spp, LAC: L. acidophilus, BRO: B. thermosphacta.

activity of these other flavonoids when mixing them. PCA
indicates that the antibacterial activity correlates with C
+ CA, FerA, SinA, Lut and Kae, meanwhile cluster analysis
relates the effect with all compounds (Figure 5, FigureS1,
Table S3).

Pseudomonas spp. was controlled principally by U and
Q extracts. In all combinations, a decrease in activity is
observed as the proportion of pure extract with less anti-
bacterial power increases (Figure 4(a), Table S1). For the
activity against Pseudomonas spp., statistically significant
correlations with C+ CA, SinA, Kae, FerA, SyrA, SyrA, CouA,
Rut, Myr and Que were found. Phenolic combinations with
the highest antibacterial activity were: C+ CA, SinA, FerA, Lut
and Kae in the proportions 1.2: 1.5: 1: 2: 3 (extract Q); and, C
+ CA, SinA, FerA, SyrA, CouA, Lut, Rut and Kae in proportions
2: 3:2: 1: 1: 3: 45: 5.5 (PQ4U). PCA and cluster analysis
correlates the antibacterial with C+ CA, FerA, SinA, Lut and
Kae (Figure S3, Table S3).

Antibacterial effects of mixtures against L. acidophilus
showed improved results when combinations include P-U or
P-Q. These combinations have synergistic and additive effects,
respectively (Figure 4(b), Table S1). The compounds that corre-
lated statistically with the antibacterial activity shown by the
extracts were CouA, SyrA, Rut, Que, Lut, Kae and SinA. These
results are consistent with the fact that the phenolic combina-
tion with the best antibacterial activity was composed of: FerA,
SyrA, CouA, CinA, Lut, Rut, Que and Myr, in proportions 1: 1: 9:
15:5:1:5.5: 1 (extract P); SinA, FerA, SyrA, CouA, CinA, Lut, Rut,
Que and Kae in rates 2.5:1:1.5:4.5:8:4:1:2:5.5 (PU2); and: SinA,
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FerA, SyrA, CouA, CinA, Lut, Rut, Que, Myr and Kae in the
proportions of 1: 1: 1: 6.5: 11.5: 4: 1: 2: 1: 2 (P2U). Puupponen-
Pimia et al. (2001) reported that Que, Rut, Kae, and apigenin,
and CinA, CouA, caffeic acid, FerA, and chlorogenic acid do not
present inhibition on several strains of lactobacilli; however,
Myr and Lut have activity against it. PCA and cluster analysis
correlates this effect with SyrA, CouA, Rut, Que, CinA and Myr
(Figure S3, Table S3).

B. thermosphacta was better controlled when combina-
tions included P extract, and in a high proportion. In the
combinations of U-P, U-Q, and P-Q, a decrease gradient of
activity is observed as the proportion of pure extract with
less antibacterial power increases (Figure 4(c), Table S1).
Higher correlations were found between antibacterial activ-
ity and compounds: CouA, Que, CinA, Myr, SyrA, Lut, Rut, Kae
and SinA. The phenolic combination with the best antibac-
terial activity against B. thermosphacta was composed of:
FerA, SyrA, CouA, CinA, Lut, Rut, Que and Myr, in proportions
1:1:9: 15: 5: 1: 5.5: 1 (extract P). PCA and cluster analysis
correlates this effect with Syr, CouA, CinA, Rut, Que and Myr
(Figure S3, Table S3).

The present study has demonstrated the antibacterial
activity of polyphenolic extracts of honeys and pollen and
their mixtures. Unlike what was expected, greater antibac-
terial activity was observed in the individual extracts than in
the mixtures. When they were mixed, better results were
observed when the pollen extract was combined with
a single extract of honey (Ulmo or Quillay). In ternary mix-
tures, the effect of a second honey extract decreased the
antibacterial response in most cases. The antibacterial syner-
gism/antagonism of mixtures of phenolic extracts needs
further investigation taking into account variables such as
the quality, type and concentration of the extractant sol-
vents, and the individual phenolic and flavonoid com-
pounds, as well as their kinetics.

The chemometric analysis allowed associating the antibac-
terial effect with some compounds over others. However, the
antibacterial activity is the result of complex processes that go
beyond being the additive result of the individual or total
concentration of phenolic compounds. It is necessary in the
future to isolate specific bioactive compounds by bioassay
guided fractionation and further characterize the extracts, as
well as the mechanism of their antibacterial activity. It is also
necessary to consider the type of bacteria to be evaluated and
their level of susceptibility, as well as to analyze the response
of these mixtures of compounds in food models to evaluate
their applicability as food preservatives.
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